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Abstract 
We prepared nanostructures silicon photodiode (nPSi) by using laser assisted etching  at fixed current density (30 mA/cm2) with different 
etching wavelengths of laser diode (532,650 and 810 nm ) , a (metal/nanostructure silicon /metal) photodiode has been fabricated from 
rapid thermal oxidation (RTO) and rapid thermal annealing  (RTA) processes to improve the characterizations of  PSi photodiode, A 
responsivity of (3A/w) was measured at (450 nm) with low value of dark current (1.33 μA /cm2) and higher value of photo current (610 
μA /cm2) at 5 volt reverse bias. The results show that the wavelength IR (810 nm) give us the best photodiode and electrical 
characteristics. 
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of the Research Management & Innovation Centre, Universiti Malaysia 
Perlis. 
1. Introduction 
Since the discovery of room temperature photoluminescence [1] and electroluminescence [2,3] in porous silicon (PS), 
there has been a great interest towards this material due to the possibility of producing optoelectronic devices. it was found a 
few years ago that the metal/PS/silicon diode structure is light sensitive [4], so PS-based photodetectors can be 
developed[5].  According to the paper published in 1992 by Petrova-Koch et, it was note that (PSi) surface also contain 
unstable Hydrogen-passivated surface as they tend to form a recombination centers that would reduce the life time of the 
-current and light sensitivity and causes instability to 
(PSi)photodetectors. (RTO) and (RTA) are utilized to improve the stability of (psi)photodetector, enhance  
photo-current, and reduce dark-current of photodetectors at the same time and expend the application of (PSi) 
photodetectors[6]. 
The purpose of this work is to investigate electrical and photoelectric properties of Al/PS/c-Si structures. 
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2. Device Fabrication 
The samples were prepared using silicon wafers, (111) oriented, with n-doping, and resistivity of (1.5-4.5 
μm thickness. After cutting into (1×1.5 cm2) and standard cleaning steps , to prepare porous silicon structures by 
photoelectrochemical  etching (PECE) the samples were dipped into mixture of HF:Ethanol (1:1) for 20 minutes with 
anodization current density 30 mA/cm2. In order to achieve significant hole current in n-type silicon, external illumination 
was used , 532 , 650 and 810 nm. Typical (PECE) apparatus are schematically shown in Figure (1). 
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Fig. 1. Schematic diagram of the photoelectochemical etching system 
 
The anodization is performed in potentiostatic (voltage-controlled) mode, after etching the thickness of (PSi) layer was 
about (40-70 μm) , the porous layer was then rapid-thermal-oxidized (750°C, 50 sec) to form partial SiO2-layer and 
subsequently rapid-thermal-annealed at 750°C for 15 sec. 
The (RTO) system as shown in figure (2) was built in laboratory and it consists from tungsten halogen photo optic lamp 
at (1000 Watt) electrical power. The as-prepared samples were introduced into quartz tube and the etched side was 
positioned directly above the halogen lamp. 
The quartz tube is open for allowing air to enter (dry oxygen source). 
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 Fig. 2. Schematic diagram of rapid thermal oxidation system (RTO) 
 
 
The (RTA) system as shown in figure (3) was also built in laboratory. The (RTA) system allows tungsten lamp 
annealing by swiftly raising the temperature to reach 750oC in 15 sec. It consists of a small vacuum chamber (quartz tub) 
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pumped by an ordinary rotary pump (minimum pressure reached is about 10-2torr). Annealing is carried out by placing the
sample (etching side) on the tube directly above the lamp .There is also a thermocouple placed at the end of the tube and
attached to the surface of the sample. When the temperature reads 750oC, the power is turned off and sample is allowed to 
cool. Finally it is removed when the temperature reads room temperature.
Fig. 3. Schematic Diagram Of The Rapid Thermal Annealing System(RTA)
The porosity of PSi layer has been calculated by measuring the weight of the samples before and after etching process
as well as the weight of sample after removing of PSi layer from sample by immersing it in (1 M) NaOH solution for 30
minutes, and using equation:
1 2 1 3%Porosity M M M M (1)
3. Results
We used different preparation wavelengths to study the dark current of samples prepared at fixed current density 30
mA/cm2. The dark current of the porous silicon photodiode found to decrease with the increasing of the wavelength as given
in table (1). That decrease is due to the increase of the thicknesses of PSi layer (59.1μm) compare with the thickness layer of 
PSi which prepared with Green laser diode and Red laser diode (20μm) , (48.4μm)  respectively , hence this increase in PSi
thickness layer is reduce the tunneling probability of thermally  generated carriers ,so the dark current are  reduce . The
photocurrent is also measured for (PSi) photodiode and photocurrent, porosity and etching wavelength is shown in the
results of table (2).
Table 1. The dark current of psi photodiode as a function of wavelength, at reverse bias 5 v.
From table (2), we found that the photocurrent at the Green (532nm) wavelength is higher than at the Red 650 nm) and
IR (810 nm) etching wavelengths, that means that photocurrent decreases with increasing etching wavelength. The porosity
of the PSi layer in case of green laser diode is higher than the other cases , the increasing of porosity lead to decrease the
silicon nanosizes in PSi layer and hence increase the energy and band gap of PSi layer , this increasing improve the activity
of (PSi/Csi ) hetrojunction and finally increasing the photocurrent of PSi diode. But as appear in the same table there is
Wavelength (nm) Dark current( μA/cm2)
Green (532) 350.67
Red    (650) 5.33
IR (810) 1.33
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increase of porosity of the porous silicon layer (about 70%). 
 
 
 
Fig. 4.  The (J  V) characteristics for (metal/nanostructure silicon /metal) photodiode at etching current density (30 mA/cm2) 
   
Figure (4) shows the current density voltage characteristics of PSi diode. Typical diode Rectifying behavior can be 
seen, at room temperature, the rectification ratio at 5 V is about (230), this behavior refer to form a sensitive photodiode [7]. 
nm wavelength as a function of various incident wavelengths. From this figure we can see that the sensitivity of structures 
measured in the wavelength range from (400-850) nm. 
 
Table 2. The photo current as a function of wavelength, at reverse bias 5 v and illumination intensity 200 mw/cm2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Wavelength (nm) Photo Current (μA/cm2) Porosity (%) 
Green (532) 3310 46.7 
Red     (650) 33.4 60.7 
IR        (810) 610 70 
397 Naser M. Ahmed et al. /  Procedia Engineering  53 ( 2013 )  393 – 399 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. The sensitivity as a function of various wavelength (400-850)nm ,for PSi sample prepared at ( 30 mA/cm2 ) and etching wavelength of 532 nm 
 
We notice that the observed photo sensitivity is shifted towards shorter wavelength in agreement with the assumption 
that the emission is related to quantum size  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. X-ray diffraction for porous silicon at 30 mA/cm2 etching current density and etching wavelength of 532nm 
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effects [12]. For longer wavelengths (700-900)nm, we can see that the value of sensitivity decreased away from the
sensitivity top, that decrease in sensitivity is attributed to the incident photon energy not being enough to generate electron
hole pairs [8]. 
This large variation in the sensitivity with the incident photo energy is due to the variation in absorption depth which is
a function of wavelength of the incident light , where the absorption of short wavelength occurs within the ( PSi ) layer and
the large wavelength is absorbed at the interface of silicon and ( PSi )[9,10].
The morphological phase of (nPSi) layer (crystalline or amorphous) will give good concept for electrical behavior of 
this material [11]. The nanocrystallite size can be calculated by employing Scherer's formula as shown in the equation
below: 
(2)
radians) is the diffraction angle and 0.9 is the value of shape factor [13,14].
Figure (6) shows the X-ray diffraction of PSi at 30 mA/cm2  etching current density with (20 minutes) etching time
with radiation wavelength of 810 nm infrared laser , this fig
angle with intensity (a.u)about (329,134).
The energy gap and nanocrystallite calculated from Scherer's formula and its appear that it is about (1.65 ev),(4.27nm)
respectively.
We can see that the using of infrared wavelength, in etching process, this will lead to form PSi layer with higher energy
gap and smaller silicon nanosizes within the PSi layer.
The morphological properties of the porous silicon sample prepared at current 30 mA/cm2 and wavelength IR (810 
nm) is shown in figure (7 ) From this figure, we can see that the pore size varied from (2-1) μm.
The increasing of laser wavelength lead to increase the penetration depth of incident and hence process will occur at
depth region away from the silicon surface and silicon dissolution occur at these regions, and this produce a porous silicon
layer with small pore sizes and porous silicon layer thickness.
Fig. 7. The SEM image of porous silicon sample prepared at etching current of (30 mA/cm2) and etching wavelength of 532 nm
4. Conclusions
In this paper, the treatments of RTO and RTA processes have been used to enhance the photo sensitivity and reduce the
dark current to(3 μA /cm2) at preparation current density (30 mA/cm2). The device is very stable and the reproducibility is 
good due to a stable surface on the PS layer and it can be concluded from I-V characteristic, of our devices which shows 
rectifying behavior.
The optimized RTA-RTO-PS photodetector has the performance of temperature 750°C (under 100 mW/cm 
illumination). A high response of 3 A/W can be obtained under a 200 mW (532 nm) laser diode illumination and lower dark 
current can be obtained with 810 nm laser wavelength.
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